In spite of many years of development and implementation of pre-hospital advanced life support programmes, the survival rate of out-of-hospital cardiac arrest (OHCA) used to be very poor. Neurologic injury from cerebral hypoxia is the most common cause of death in patients with OHCA. In the past two decades, post-resuscitation care has developed many new concepts aimed at improving the neurological outcome and survival rate of patients after cardiac arrest. Systematic post-cardiac arrest care after the return of spontaneous circulation, including induced mild therapeutic hypothermia (TH) in selected patients, is aimed at significantly improving rates of longterm neurologically intact survival. This review summarises the history and current knowledge in the field of mild TH after OHCA.
Introduction
Despite nearly 40 years of pre-hospital advanced life support, the survival rate of out-of-hospital cardiac arrest (OHCA) used to be very poor, but has been gradually improved over the past two decades [1, 2] . Of all patients in whom resuscitation is attempted, only 14-40% achieve return of spontaneous circulation (ROSC) and are admitted to a hospital [3] . Of those patients admitted to a hospital, only 7-30% are usually discharged from the hospital with a good neurological outcome [3] . The cardiac arrest incidence and outcome in the current literature vary greatly around the world [1, 4, 5] , but these reported figures may be subject to publication bias and may not reflect reality. Leaving the possible regional variations aside, the average survival rate to hospital admission worldwide is now considered to be 24%, and survival to hospital discharge is only 8% [1] . Survival to hospital discharge is more likely when cardiac arrest is witnessed by a bystander and found in ventricular fibrillation (VF) or ventricular tachycardia [1] . However, the public awareness concerning the basic life support algorithms, including the use of an automatic external defibrillator, needs to be improved [6] . While the issue of OHCA is well described and the data are widely available, the incidence of in-hospital cardiac arrest (IHCA) is rarely reported in the literature. Values range between one and five events per 1,000 hospital admissions [7] .
Neurologic injury is the most common cause of death in patients with OHCA and contributes to the mortality of inpatients with cardiac arrest [8] . Inducing mild therapeutic hypothermia (TH) in selected patients surviving OHCA could significantly improve rates of long-term neurologically intact survival and may prove to be one of the most important clinical advances in the science of resuscitation [9] . However, recent randomised trials have raised several important questions, and the field still remains intensively debated.
Historical perspectives
Some early great physicians, including Hippocrates, recognised the utility of hypothermia in attenuating injury. For example, Hippocrates mentioned the use of snow and ice to reduce haemorrhage in patients [10] . The concept has experienced periodic re-emergence in the medical literature, and recent studies of the modality date back to the 1950s. The pathology underlying the clinical picture resulting from cerebral hypoxia and the rationale for utilising hypothermia in its treatment have been investigated by several authors [11] [12] [13] . The clinical use of hypothermia presupposed the generalised reduction of brain tissue metabolism with lower temperatures. This presumption was evidenced in 1954 by Rosomoff and Holaday [13] , who found a linear fall in cerebral oxygen consumption in dogs as the temperature was lowered from 35°C to 26°C. A 3-fold reduction in oxygen consumption occurred at 26°C [13] . Two years later, animal models (including monkeys and dogs) showed evidence of reduced histopathology and favourable functional outcomes using hypothermia after total occlusion of the afferent circulation of the brain [14, 15] . These experiments approximated what occurs in cardiac arrest and predicted the clinical use of hypothermia in human medicine.
The first in-human study of hypothermia after cardiac arrest was performed in 1958 [16] and suggested decreased mortality. This exceptional study included 19 patients resuscitated after perioperative cardiac arrest. The chest of all patients was opened, and the heart was noted to be either in asystole or fibrillating. Those patients who were subjected to hypothermia were cooled using a blanket containing a circulating coolant. Body temperature was maintained at approximately 31-32°C. The duration of the cooling was based on clinical judgement. When improvement was noted, hypothermia was gradually stopped. Among the cooled survivors, the duration of hypothermia ranged from 34 to 84 h, while in the non-survivors it ranged from 3 h to 8 days. Seven patients did not receive hypothermia, and only one of them survived. Six out of 12 cooled patients survived, suggesting the improvement in survival rate from 14% to 50% [16] . However, additional studies with more patients were about to occur.
Until the year 2002, the evidence for mild TH lacked sufficient power and advisory panel support recommending its use in common practice. Two studies, European and Australian [9, 17] , both published in 2002, demonstrated improved survival rates and neurological outcomes with the induction of mild TH for comatose survivors of OHCA due to VF. The Hypothermia after Cardiac Arrest Study Group (HACA), including nine centres in five European countries, showed that mild hypothermia (cooling to 32-34ºC for 24 h) in 274 OHCA patients with ROSC provided significant improvement in functional recovery after hospital discharge (55% vs. 39%) [17] . It also led to a lower 6-month mortality rate when compared with patients who were not cooled (41% vs. 55%) [17] . Meanwhile, in Melbourne, Bernard et al. examined the endpoint of survival to hospital discharge in 77 patients and demonstrated a 49% survival rate in the hypothermia group (cooling to 33°C for 12 h) compared with 26% in the normothermic group [9] .
Despite the rising evidence of efficacy [18] [19] [20] [21] and published guidelines by the International Liaison Committee on Resuscitation (ILCOR) supporting the use of TH [22] , the implementation of hypothermia treatment was slow, and the use among physicians in intensive care units (ICUs) greatly varied. The adoption of hypothermia guidelines in North America was lower than in Europe, while the highest proportion of patients after cardiac arrest was cooled in North European countries [23] . The identified barriers to implementation included insufficient knowledge of effective hypothermia techniques, lack of belief that TH would improve the outcome for individual patients, and controversies regarding the best method to reach the target temperatures -the hypothermia guidelines in 2005 did not contain a particular cooling protocol [22] . Five years later, new guidelines were published by ILCOR [24] and provided the material for regional resuscitation organisations, such as the American Heart Association (AHA) [25] or the European Resuscitation Council (ERC) [26] , to write their resuscitation guidelines.
Current recommendations
According to the latest guidelines written in 2010 [24, 25] , there was sufficient evidence that TH improves the outcome after adult-witnessed OHCA caused by VF [9, 17] . The benefit of hypothermia after cardiac arrest due to other initial rhythms was not as clear in 2010 [24] . However, it was well established that hyperthermia must be avoided following cardiac arrest. Failure to control a patient's core temperature is associated with the development of fever and worse neurologic outcomes [25] . Furthermore, active rewarming should be avoided in comatose patients who spontaneously develop a mild degree of hypothermia (above 32°C) during the first 48 h after ROSC [26] .
Patients with ROSC after OHCA caused by VF should be cooled to 32-34°C for 12-24 h. Rapid infusion of ice-cold intravenous fluid and application of ice packs as a safe and simple method were recommended. These recommendations were adopted in the AHA and ERC guidelines [26, 27] . The animal data indicate that earlier cooling after ROSC produces better outcomes [28] , and some clinical studies have shown that hypothermia can be initiated during advanced life support prior to arrival at the hospital [29] . Nevertheless, there were no human data in 2010 demonstrating that pre-hospital initiation of cooling was associated with improved post-discharge neurological outcomes [30] . A large Swedish registry-based study of 986 comatose post-cardiac arrest patients suggested that neither the time to initiate TH nor the time taken to reach the goal temperature had any significant association with improved neurological outcome after discharge [31] . In that study, published in 2009 [31] , the median time from arrest to initiation of TH was 90 min, and the median time of achieving the target temperature (≤ 34°C) was 260 min [31] , which shows cooling almost twice as fast as in the HACA study. In the HACA study, the median interval between the ROSC and the attainment of a temperature ≤ 34°C was 8 h, and 33°C was achieved after 12 h [17] .
New insights for TTM
Since 2010, many articles concerning TH have been written, and a major industry of cooling devices and accessories (e.g., cooling blankets, pads, heating exchangers) has been born. In 2013, the results of the TTM (Targeted Temperature Management 33°C versus 36°C after OHCA) trial were published in The New England Journal of Medicine [32] . The TTM trial was a large (n = 939), randomised clinical trial recruiting patients in 36 ICUs in Europe and Australia, which compared a target body temperature of 33°C with one of 36°C in patients who had been resuscitated after OHCA due to a presumed cardiac cause. This superbly executed study was more than twice the size of the original trials combined, and the trial protocol and analysis plan were published in advance and attempted to address possible deficiencies in previous trials [33, 34] . The results of the TTM trial (which was designed as a superiority trial) showed that hypothermia at a targeted temperature of 33°C did not confer a benefit as compared with a targeted temperature of 36°C. No difference between the two groups in overall mortality at the end of the trial or in the composite endpoint of poor neurologic function or death at 180 days was found.
The overall conclusion of the TTM trial contradicted the previous trials by HACA and Bernard et al. from 2002. How could it be explained? i) The population in the TTM trial was less selected than in previous trials and included patients with shockable and non-shockable rhythms. ii) Many patients in the "normothermia" group of the HACA and Bernard trials in 2002 actually became hyperthermic [9, 17] , which is known to be harmful now [26] . The exceptional rates of good outcomes in both the 33°C and 36°C groups in the TTM trial would then simply emphasize the importance of the active prevention of hyperthermia. iii) Within the past decade, there were improvements in overall patient intensive care that may have reduced the potential benefits of a single intervention like TH. iv) TH was already the standard of care in participating hospitals in the TTM study, and the default option for patients not enrolled in the trial was applying TH. Therefore, admitting physicians might have subconsciously selected patients with the potential to benefit from receiving regular TH rather than screening them for trial eligibility. v) Another important difference in the TTM trial was adoption of a protocol for withdrawal of life-sustaining treatment. Older studies of post-cardiac arrest care were biased by the fact that a very common cause of death was withdrawal of life support because of perceived poor neurologic prognosis, although there were no certain methods to establish longterm prognosis. The TTM trial authors clearly specified in advance in their study design [33] the criteria allowing the discontinuation of life support, in a total of 26% of patients. More patients in the 33°C group met the criteria for early withdrawal of care, suggesting greater severity of brain injury in the 33°C group. vi) There were also concerns about the rapid rate of active rewarming from 33°C to 36°C, which could negate the benefits of TH. The temperature graph in the TTM trial [32] showed wide error bars, potentially indicating large temperature swings that could be harmful. Nevertheless, the optimal rate of rewarming still remains unknown. In the TTM trial, it was undertaken at a maximum speed of 0.5°C per hour, according to the current guidelines [24, 26, 27] . The actual rewarming rate in the TTM trial was 0.36 ±0.13°C per hour [32] . vii) There was greater prevalence of spontaneous hypothermia in the 33°C group, potentially indicating greater severity of brain injury with a diminished shivering response [35] .
In the TTM study, the authors reported that 33°C was achieved after 8 h, and the attainment of a temperature ≤ 34°C was no longer than 3 h [32] , which could be the fastest cooling so far. Nevertheless, an "inclusion window" (time from ROSC to randomization and intervention) of up to 4 h was allowed per study protocol [33] , so the goal temperature of 33°C was not reached for some patients until 12 h after ROSC.
It raised an important question. Does faster cooling really means better outcome? The very recent large (n = 1,359), randomised trial published by Kim et al. [36] found that pre-hospital, rapid infusion of up to 2 l of 4°C normal saline induced mild hypothermia faster than standard care, but did not improve survival or neurological status at discharge after resuscitation from pre-hospital shockable or non-shockable OHCA [36] . The patient who had a pre-hospital intervention reached the goal temperature about one hour sooner (4.2 vs. 5.5 h) than the control group, but the intervention was associated with a significantly increased incidence of re-arrest during transport, time spent in the pre-hospital setting and pulmonary oedema with early diuretic use. There were some limitations of the trial by Kim et al. [36] . i) Not all randomized patients were treated with TH. Only 74% with a shockable rhythm and 59% with non-shockable rhythm reached the target temperature. So the potential benefits of pre-hospital TH may have been spoiled because cooling did not continue after admission to hospital.
ii) The temperature at the time of hospital admission was too similar between the intervention and the control group, with the difference less than 1°C. iii) The study used a goal threshold temperature of 34°C rather than 33°C. iv) Cardiac re-arrest possibly worsened brain ischemia, which did not affect early mortality but manifested as increased risk of death later during the hospitalization. v) Cold pre-hospital fluid administration was associated with significant reduction in first arterial blood gas pH and PaO 2 levels, which are both predictors of poor outcomes. vi) The trial measured end points only at the time of hospital discharge, despite the knowledge that functional status can improve for at least 6 months after resuscitation from cardiac arrest.
The time interval from collapse to ROSC has been reported to be a strong independent predictor of neurological outcome in comatose survivors of cardiac arrest [8, 26, 27] . The positive effect of mild TH seems to increase with cumulative time of complete circulatory standstill in patients with witnessed OHCA [37] . Treating patients with TH appears to be more beneficial than not treating them with TH if the time interval from collapse to ROSC is greater than 15 min [38] . From this point of view, the speed of cooling seems not to be the most important aspect of TH.
The TTM trial [32] and the trial by Kim et al. [36] have challenged the current practice in the treatment of patients with ROSC after OHCA and raised two important questions: i) Should the icecold intravenous fluid continue to be used for inducing hypothermia pre-hospital; and ii) should the target temperature be 32-34°C or 36°C for the management of comatose cardiac arrest survivors with ROSC? [37] ILCOR responded with a short statement in December 2013 [39] suggesting that clinicians should provide post-resuscitation care based on the current treatment recommendations published in 2010 [24, 26, 27 ] until a formal ILCOR consensus on optimal temperature management is made. The term "targeted temperature management" (TTM) became more used than TH and seemed to be more appropriate considering the fact that 36°C is "a little dose of hypothermia" but not physiological human temperature. ILCOR also accepted that clinicians could make a local decision to use a target temperature of 36°C before the formal evidence was reviewed to consider whether this new TTM regimen should be part of future treatment recommendations [39] .
Even intra-arrest cooling performed in a recent smaller (n = 245) randomised trial in France did not show more optimistic results [40] . Intra-arrest cooling with rapid infusions of up to 2 l of ice-cold fluids during OHCA decreased the core temperature by an average of 1.7°C prior to hospital admission, and shortened the time to reach 34°C by an average of 93 min compared to in-hospital TH alone. However, this was not associated with differences in markers of neurological injury or in neurological outcome [40] . The poor outcome could be influenced by a relatively low number of initial shockable rhythms in both groups (less than 30%) and the high frequency of initial asystole (65%), indicating that the included patients were too severely injured and not comparable to the patients in the HACA trial [17] or the TTM trial [32] . These results only contributed to the suspicion gained from the registry-based studies [41, 42] that TH is not associated with good outcomes in non-shockable patients.
There is little evidence regarding TH after IHCA, and our knowledge is based mostly on the result of one retrospective analysis [43] of 8,316 patients with IHCA. Only 214 (2.6%) patients received TH, and only 40% of these patients were documented to achieve a temperature between 32°C and 34°C. Induced TH was not associated with improved, worsened, or neurologically favourable survival [43] . Clearly, higher-quality controlled studies are required to better characterise the effect of induced hypothermia in this population.
The future of hypothermia
In the year 2015, the new ILCOR guideline document, which is scheduled for online publication on the 15 th of October [44] , is highly anticipated. Meanwhile, the results of the recent studies have been intensively debated. The robust design of the TTM trial has been recognised by a number of commentators. The overall interpretation of the TTM results could be that they reinforce the importance of controlling temperature and the active prevention of hyperthermia. It seems plausible that we should not regress to a pre-2002 style of care that does not manage temperature at all. The concept of changing current guidelines and cooling to 36°C is supported by several authors, while the design of the pre-hospital cooling using the ice-cold intravenous fluid bolus is disapproved. Another approach of fast induction TH could be to use transnasal evaporative cooling, which allows TH to be initiated within minutes of the arrest without the increased risk of pulmonary oedema. The system has been tested in patients in a randomised field study, which showed promising results regarding feasibility and effectiveness [45] . A multicentre prospective study is currently recruiting to explore its ability to improve outcomes [46] .
Perhaps the most important message to take from the mentioned trials is that modern post-resuscitation care, including targeted temperature management, is legitimate, making survival more likely than death when a patient is hospitalised after cardiopulmonary resuscitation (CPR). In contrast to a decade ago, one-half instead of one-third of patients with ROSC after OHCA can expect to survive to hospital discharge. The most important aspect of the TTM trial may be that it indicates knowledge gaps in post-cardiac arrest temperature management. The optimal temperature, method, onset, duration of temperature management, rewarming rate and therapeutic window remain to be supported by better evidence. The TH probably should not be started before hospital admission, at least not by using rapid infusion of a large amount of ice-cold fluids. Given the strong design and size of the TTM trial, there is little rationale for using 33°C, but no data suggest any harm in doing so. Whether certain subpopulations of cardiac arrest patients may benefit from lower (33°C) or higher (36°C) temperatures remains unknown, and further research may help to resolve this. A multicentre prospective study is currently recruiting participants to explore the outcome of OHCA patients with initial shockable rhythm for three different levels of hypothermia: 32°C, 33°C and 34°C [47] . Furthermore, a greatly expected multicentre prospective randomized trial, in which patients after successfully resuscitated nonshockable cardiac arrest are allocated to either TTM between 32.5°C and 33.5°C or TTM between 36.5°C and 37.5°C (therapeutic normothermia), is currently in progress and may provide an answer to this important issue [48] . Modern promising indicators of a poor prognosis after CPR, including plasma concentrations of the inflammatory markers [49] or neuron-specific enolase [50] , might appear to be helpful in early selection of a suitable protocol. Further investigation is needed to determine the clear benefit of TH after OHCA from non-shockable initial rhythm and IHCA. From the unofficial data published by ILCOR on the websites so far weakly recommending cooling these patients [44], we will have to wait for the definitive answers for some time.
